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FIGURE 1 1f 



A TUBUXAR LIMER 



Background of the Invention 

This invention relates generally to a txibular 
liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing. 

Conventionally, when a wellbore is created, a 
number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in 
downward direction. Cement annul i are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased 
^^illing rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 
5 Summary o f the Invenfcl»T. 

According to one aspect of the present invention, 
there is provided a tubular lining comprising: a first 
tubular portion having a first inside diameter; a 
second tubular portion having a second inside diameter; 
0 an intermediate tapered tubular portion for coupling 
the first and second tubular portions to each other; 
and one or more sealing members coupled to the exterior 
surface of at least one of the tubular portions; 
Wherein the first inside diameter is greater than the 
second xnside diameter; and wherein at least one of the 
first and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 
comprising: a first tubular portion having a first 
ansxde diameter; a second tubular portion coupled to 
the fxrst tubular portion having a second inside 
diameter; and a third tubular portion coupled to the 
second tubular portion having a third inside diameter- 
wherexn the first and third inside diameters are b^th 

selT.tr ^^^^'^^ ^-^^^ ^^^^^ • -erein the 
second tubular portion includes one or more external 

Brief Deacription of ^>.> 

Fig. 1 is a fragmentary cross -sectional view 
Illustrating the drilling of a new section of a well 
borehole. 

Fi9- 2 is a fragmentary cross-sectional view 
Illustrating the placement of an embodiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Fig. 3 is a fragmentary cross- sectional view 
illustrating the injection of a first quantity of a 
5 hardenable fluidic sealing material into the new 
section of the well borehole. 

Fig. 3a is another fragmentary cross -sectional 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
10 section of the well borehole. 

Fig. 4 is a fragmentary cross -sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 

Fig. 5 is a fragmentary cross-sectional view 
illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross-sectional view of an embodiment 
of the overlapping joint between adjacent tubular 
members . 

Fig. 7 is a fragmentary cross -sectional view of 
apparatus for creating a casing within a well borehole. 

Fig. 8 is a fragmentary cross-sectional 
illustration of the placement of an expanded tubular 
member within another tubular member. 

Fig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 

Pig. 9a is another cross-sectional illustration of 
the apparatus of Pig. 9. 

Fig. 9b is another cross-sectional illustration of 
the apparatus of Fig. 9. 

Fig. 9c is another cross -sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. lOa is a cross-sectional illustraUon of a wellbore Including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-secUonki illustration of an apparatus and method for 
creating a lie-back liner using an expandible tubular member. 
5 FIG. lOc is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od Is a cross-sectional illustration of Uie pressurizing of Uie interior of 
the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illustration of the extrusion of ttie tubular 

member off of tiie mandrel. 

FIG. 1 Of is a cfoss-sectional illustration of the tie-back Uner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustiation of the completed tie-back Hner 
15 created using an expandible tubular member. 

FIG. lla is a fragmentary cross-sectional view iUustiating ttie drilUng of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentary cross-sectional view Illustrating Uie placement of 
an embodiment of an apparatus for hanging a tubular liner witttin Uie new section 
20 of the well borehole. 

RG. 1 1 c Is a fragmentaiy cross-sectional view illustrating ttie Injection of a 
fi«t quantity of a hardenable fluidic sealing material into ttie new section of the 
well borehole. 

FIG. I Id is a fragmentaiy cross-sectional view Illustrating the introduction 
25 of a wiper dart into the new section of tiie well borehole. 

FIG. I le is a fragmentary cross-sectional view IUustiating ttie injection of a 

secondquantltyofahardenablefluldicseallngmaterialintothenewsectionofthe 
well borehole. 

FIG. n f is a fragmentary cross-sectional view illustrating tiie completion of 
30 tile tubular liner. 



Detailed Descripdon of tlie lUustrative Embodiments 

An apparatus and method for forming a wellbore casing within a 
subterranean fom,aUon is provided. The apparatus and method pemiits a 
wellbore casing to be fomned in a subten^ean fomiation by placing a tubular 
5 member and a mandrel in a new secUon of a wellbore. and then extniding the 

lubularmemberoffofthemandrelbypressurizinganinteriorportionofthe tubular 
member. The apparatus and method further permits adjacent tubular members 
.n the wellbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further pemiits a new tubular member 

10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the exisUng tubular member. The apparatus and 
method further minimizes the reducUon in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fomning a Ue-back liner using an expandable 

•5 tubularmemberisalsoprpvided. TT^e apparatus and method pemiits a Ue-back 

imer to be created byextnidingatubularmemberoffofamandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatusand method further pemiits adjacent tubular members 
.n the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. TTie apparatus and method further pemiits a new tubular member 
to be supported by an exisUng tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
^hatlncludesanexpandable.ubularmembe,mandrelandashoe. Inaprefen^d 
25 --'^odimenuheinteriorportionsoftheapparatusiscomposedofmaterialsthat 
perniitthelnteriorportionstoberemovedusingaconventionaldrillingapparatus 

In this manner, in theevemofamalfunctionlnadownhole region, the apparatus 
may be easily removed. 

An apparatus and method tor hanging an expandable tubular liner m a 
30 v^llborelsalsoprovlded. apparatus and method penni. a. ubularllner to be 
attached to an exisUng section of casing. n,e apparatus and n«thod further have 
application to the joining of tubular membere In geneial. 



RefemngixutiaUy to Figs. 1-6. an embodiment'of an ^pp'iahas and method 
for fonning a wellbore casing within 'a subterranean formation wiU now be 
described. As illustrated in Kg. 1. a wellboi^ 100 is positioned in a subterranean 
fonoation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

m order to extend the wellbore 100 into the subterranean fonnation 105 

a dnll string 125 is used in a well known manner to driU out material from the' 
subterranean formation 105 to form a new section 130. 

^^^*«»^^-2.anapparatus200forformingaweUborecasingin 
10 «~bterraneanfonaa1ionisthenpoaitionedinthenewsectionl30oftheweDbore 
100. Theapparatua200preferabtyinchade8anexpandablemandrelorpig205 a 
tobular member 210, a shoe 216. a bwer cup seal 220. an upper cup seal 225.' a 

fluKipas8agB230.ailuidpassage235.afluidpassage240.seals245.andasupport 
member 250. 

16 '^'^'»**b™»drel 206 i, coupled to «id supported by the 

me»b.r260. I*=«PandabIe.„a^, 205 preferably edapt«i to contr»n.bly 
«P«d in. radial direction, "n-e e^dable mandrel 206 nuy coapri., «™ 
nana»r of conventional conunerda%a™il.blee,,«rfaMem^ 

20 -'^°^»'.'^e^dablen^d,^206cou^ahydraulice,p.r^ 

dasdo.^ u. U.S. Patent No. 6^.095. the contents of which are incorporated 

referent. aodiiSed in accordance With the teaching, of the p^^ 

■n„tuh«l.rmemb«r210i,.,Wort«lbythee,p««i.blemandrel205. The 
26 tubul^roen^er 210 is e^ radial dir«tion and e«ruded off of the 
«P-«i*l.n»nd,el206. -n-tuhuhrn^nber 210 may be fabricated fton. any 
number Of conventHaal conunerdau , .vailable mat^ such as. for e«Mple 

^ '^'^^ ^^'^ or 

30 ^^^'^'^^ ' embodiment, the tubular n«ob.r 210 is 

30 ^n'^^mOarGinordert„n«:dnu^str,ngthafter.:,p.n.i„n. T1«inner 
«doutcrdum«^ofthc,ubularmember2I0may,a.g=.fcr«a^Ctom ■ 
Wn.xinu.tely 1.905 ,o 1 19.38 cms (0.75 to 47 mchcs) and 2.667 to 121.92 cms 
(1.05 to 48 inches), respectively. Inaprefened 



embodiment, the inner and outer diameters of the lubiilarmember2 10 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respecOvely in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The hJbular member 21 0 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 21 0 

Is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
205 when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of the 
10 tubular member 210 is preferably limited to between about 12.192 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example,SuperSeallIfloatshoe,SuperSealIIDown-Jetnoatshoeoraguldeshoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a prefened embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from HaMburton Energy Services in Dallas. TX, modified in 

20 accordance with the teachings of the present disclosure, in order to optimally 

guide the tubularmember2I0in the wellbore. optimally provideanadequateseal 
between the interior and exterior diameters of the overlapping joint between ttie 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after ttie completion of ttie cementing and expansion opeiations. 
25 Inaprefenedembodlment, theshoe215lndudesoneormorethroughand 

side outiet ports In fluidic communication with ttie fluid passage 240. In ttiis 
manner, the shoe 2 15 optimally injects haidenablefluldlc sealing material Into the 

region outside ttieshoe215andtubularmember210.Inapreferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry Uiat can 
30 recehre a dart and/or a ball sealing member. In tiiis manner, tiie fluid passage 240 

canbeoptimallysealedoffbyinlroducingaplug, dart and/or baU sealing elements 
into the fluid passage 230. 
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( The tower cup seal 220 is coupled to and supported by'the'^pport member 
250. The tower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 ac«acent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commerciaUy 
5 available cup seals such as. for example, TP cups, or Selective Injection Packer 
(SIP)cups modified in accordance withthe teachings of the presentdisdosure. In 
apreferred embodiment, the lower c^seal220comprisesaSIPcupseal,availabte 

fromHamburtonEnergy Services in Dallas, TX in order to optimally block foreign 
material and contain a body of lubricant 

10 '^«PP«^<«P«aI225iscoupledtoand8upportedbythemipportmember 
250. TheuppercupseaI225preventsforeignmaterialsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 

numberofconventionaIcommerciallyavailablecupBeal8suchas.forexample TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
15 disctosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup.availablefiomHamburtonEnergyServicesinDallas. TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteriorregionofthe tubular member210below the expandabto mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 260 and the «5«ndabto mandrel 205. The fluid passage 230 preferably 
extends from a position a^acent to tiie surfece to the bottom ofibe expandable 

mandrel205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 Tb, fluid passage 230 is preferably selected, in the casing running mode of operation, to 

transport materials such as drilling mud or fonnation fluids at flow rates and pressmes ranging 
from about 0 to 1 1356.2355 litresAninute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the tubular member being run and to minimize surge 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 

30 

Thefluidpassage235permitsfluidicmaterialstobereleasedfromthefluid 
passage 230. In this manner, during placement of the apparatiis 200 within the 



( .ew section 130 of the wellbore 100, fluidic materi^ 266'fo;(!ed up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
ti^erebyminimizingsurgepressuresonthewellboresectioniao. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
6 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 236 preferably includes a control valve for controllably 
opening and closingthe fluid passage235. In a preferred embodiment, the control 
valveispressureactivatedinordertocontrollablyminimizesurgepressures. The 

fluidpassage236ispreferablypositioned8ubstantiallyorthogonaItothecenterline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic matoials at flow 
rates and pressures ranging &om about 0 to 11356.2355 lilzes^ninute (0 to 3,000 
gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 psi) in oider to reduce the drag on tbe 
apparatus 200 during insertion into die new section 130 of the wellboie 100 and to 
25 minimize surge pressures on the new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 

from the region erterior to the tubular member 210 and shoe 216. The fluid 
passage 240 is coupled to and positioned within the shoe 216 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 e^andable mandrel 206. The fluid passage 240 preferably has a cross-sectional 
shape thatpermitsaplug, orothersimilar device, to be placed in fluid passage 240 
to thereby block fiirther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 206 can be 

fluididyisolatedfromtheregionexteriortothetubularmember210. Thispennits 
25 the interior region of the tubular member 210 below the expandable mandrel 206 

to be pressurized. The fluid passage 240 is preferably positioned substantially 

along tJje centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9.000 

P"^^ ^ onier to optimally fill the amiularregion between the tubular member 210 and the 

^ new section 130 of the wellbore 100 with fluidic materials. Jn a preferred embodiment. 

the fluid passage 240 



( includes an inlet geometry that can receive a dart aiii/or a bau'sealing member 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or baU sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 pennit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260ofthetubularmember210tobefluidicly8ealed. The seals 245 may comprise 
any number of conventional commercial^ available seals such as. for example 
10 lead, nibber. Teflon™, or <5K>xy seals modified in accordance with the teachings of 
thepresent disclosure. In a preferred embodiment, the seals 245 ai« molded from 
StratalockepoxyavailablefromHam^urtonEnergy ServicesinDallas. TXinorder 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 

15 ^«P^^«™d embodiment, the seals 245 ai^ selected to optimally provide 

a sufficient Actional force to support the expanded tubular member 210 from the 
exist^ casing 116. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 «nges firozn about 68.94757 to 68.947.57 bar (1 000 to 
1.000.000 Ibf) iB order to optimaUy support the expanded tubular member 210. 

20 T*^««"PP<'rtmember250iscoupledtotheexpandablemandrel205.tubular 
member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany Hxe 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 

«-»>odmient.tJ.esupportmember2501urtherincludesoneormoreconventional 
25 centralizers (not mustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
aimular region above the expandable mandrel 205 within the interior of the 
t«bularmember210. ^ this manner, the extr^onofthe tubular member 210 off 
°ft^««^-<iablemandrel205isfaciHtated.Il.elubricant275may^^^^ 
30 number of conventional commercially available lubricants such as. for example. 
Lubnplate'^. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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( jitiBieze (3100) available from CJlimax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to faciliate the e^qpansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions ofthe apparatus 200. In this maimer, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves ofthe i^paratus 200. 

In a preferred embodunent, before or after positioning the apparatus 200 
10 within the new section 130 ofthe wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes ftt)m the fluid passage 230 into the 
interior region 310 ofthe tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fliiid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior ofthe tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the materiial 305 
causes the material 306 to fill up at least a portion ofthe annular region 315. 
The material 305 is preferably pumped into the annular region 3 15 at pressures 

25 and flow rates ranging, for example, ftom about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litres/Wnute (0 to UOO gallons/miu), respectively. The optimum flow 
rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties ofthe fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably deteraiined 
using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 



for example, slag mix, cement or epoxy. In a prefeired embodiment, the 
hardenable fluldic seaUng material 305 comprises a Wended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Sen^ices in Dallas, TX in order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 

during the displacement of cementin the annular region315.Theoptimumblend 
of the blended cement is preferably detemiined using conventional empirical 
methods. 

The annular region 315 preferably is filled with the material 305 insufficient 
10 quanUUes to ensure that, upon radial expansion of the tubular member 210. the 

annular region315of the new section 130 of the wellbore 100 will be filled with 
material 305. 

In a particularly preferred embodiment, as iUustrated in Fig. 3a. the wall 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extnision process is optimally facilitated. 

As IDustrated In Fig. 4. once the annular region 315 has been adequately 
20 filled witti material 305. a plug 405. or other similar device, is introduced into the 

fluid passage240 thereby fluidiclyisolating the interiorregion310fromtheannular 
region 315. In a preferred embodiment, a non-hardenable fluidic material 306 is 
then pumped into the interior region 310 causing the interior region to pressurize. 
In tills manner, the interior of ttie expanded tubular member 210 will not contain 
25 significant amounts of cured material 305. This reduces and simplifies the cost of 
ttie entire process. Alternatively, the material 305 may be used during tills phase 
of Ihe process. 

Once ttie interior region 310 becomes sufficientfy pressurized. Uie tubular 
member 210 is extmdedoff of ttie expandable mandrel 205. During tiie extmsion 
30 process, ttie expandable mandrel 205 may be raised out of the expanded portion 
of ttie tubular member 210. In a preferred embodiment, during the extmsion 
process, ttie mandrel 205 is raised at approximately ttie same rate as ttie tubular 
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r ^eDU«r 210 i. in order to keep th. tubui;^ m^'^' 210 station,^ 

relative to th. «w weUbore section 130. ln« idtemative preferred embodiment 

theertrudonproceMiscommencedwiththetubutarmemberaiOpositionedabove' 
tie bottom of the new wellhore eection 130, keeping the mandrel 205 stationer, 
5 and allowng the tuhular member 210 to ertrude off of the m«idrel 205 and ftOl' 
down the new wellbore section 130 under the force of gmvifr. 

Theplug405ispreferrf,lyplacedintothefluidpa»age2«)byini«ducine 
the plug 406 into the fluid pas«ge 230 at a aurfece location in a oon^mional 
manner. The plug 405 preferabb- act. to fluididy isolate the hardenable fluidic 
10 seahng material 305 ftom the non hardenable fluidic material 306. 

The plug 405 ma, comprise any number of conventional commercially 

.vad.bledeWce.ftomphwingafluidpa..age.uch..,forexample,MultipleS.age 
Cementer (MSC> latch^ ^ Omeg. latch^™ „ ^^^^^ 

16 «P»*™^enaHKiim«.t.th.plug406campri.eeaMSClatch^ownpl„gavailabfe 
ftom Halliburton Energy Services to Dallas, TX. 

^P'«»»»tofthe,lug406inthefluidp.e»age240.anonhardenabl. 
plug 405 in the fluid ^^s^zTT f'''f™'"^'^"«-^P'>««"enlofU,c 

34.473.«o.52,,5b.r(5oo„,.oo„^;^:,7r,^n,?;a,r^^^^ 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
•ens*, burst. «.d Mction elects upon the tubular member 210 during the 
^ P^cess. 1,^ effects wiU be depend upon the geomet^ Jehe 

^,nmm.drel205.thematerial«,mpo,iaonofth..ubularmember210«.d 
^„m^206.theinnerdiameter„fthetubularmember210.thewan 
o^TTT "'"'''''"•'■'''^"""^''-'•"■''^^'''^'-gth 
_ofthet„bularmember210. Inge^rel. the thicker the waU thickness, the -nailer 
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r.heinnerdiameter.and the greater theyieIdstrBngth;fthe'^^^^^ 
then the greater the operating pressures 'required to extrude the tubular member' 
210 ofifof the mandrel 205. 

For typical tubular members 210. the extrusion of the tubular member 210 
5 offof the expandable mandrel will begin when the pressure of the interior region 
3 1 0 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging for 
««-P^«.^-about0to5fl/sec.Inapreferredembodiment,duringthe«^^ 

10 P«>eess.«»eexpandablemandrel205israisedoutoftheexpanded portion ofthe 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 fVsec) in order to 
nmmmze the time require! for the expansion process while also permitting easy control 
of the expansion process. 

Wh«,theendpor«on2«0ofthetabular,aen>ber210is«trudedoffofthe 
16 e^p^rfabl. n«nd«l 206, the outer surface 266 of the end portion 260 of the 
tubular member 210 wffl preferably contact the interior «rfl«e 410 of the end 

portion270.fthec.ainglI5tofo™anfhudtightoverlappinsjoinfc n»contact 
PTMSW. Of d» owrtapping j„to, ,^ ^ ^.proxinwdy J 147379 to 

U78.<.514 b„ (50 to 20,000 psi). 1, , pref.„«l embodiment the co«»c. of the 

10 overivi»ag joint ntoges fi™„ appn.»in«.tel, 27.579028 to 689.4757 bar (400 to 10 000 psi) in 
<«ler to pn»ide optimum preaw, to .etivae tl« seeing „emba. 245 «,d optimally 

provide reamnee to «d1 mrtioD to accommodatt ^cal toMil. «,d eompreisive lo«ls 



^^"»-l»i^Jointbetweenthesaction410ofthee^tmgcasingll5a^ 

o^T '"'^"'^•"^-^-t.theaeahn.memC* 
optmially pro™ie a fluidic ««l gaseous seal in the overlapping joint 

Ina^afexedembodiment,theoperatingpresau««,dflowrateofthenon 
^^fluldiomaterial306iacont.llablyrampeddo™wh«.^ 

30 r r ^or^*^ member 2x7 In this 

«^e, the ^dden relea. of pr...u„ ^ ^ ^ 

tubular member 210 oir„ftheezpandrf,te mandrel 206 «m be minimized In a 



preferred embodiment, the operating pressure is reduced in' a substantially linear 
fashion from 100% to about 10%during the end of the extrusion process begimung 
when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extnision ' 



process, 

5 



Alternatively, or in combination, a shock absorber is provided in the support 
member 250 in order to absorb the shock^^^^^^^sudden release of pressm-e 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandzel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removedfrom the wellbore 100. Inapx^eired embodiment, either before or after 
theremovHl of the expandable mandrel 205, toe integrity of the fluidic seal of the 
15 overlappingjoint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventioma methods 

If the fluidic seal of the overlappingjoint between the upper portion 260 of 
thehxbularmember210andthelowerportion270ofthecasingll5issatisfectoiy 
thenanyuncuredportionofthematerial305withintheexpandedtubularmember' 
20 2lOi8thenremovedinaconventionalmamiersuchas.forexample,circulatmgthe 
uncured material out ofthe interior ofthe expanded tubular member 210 The 
mandrel 205 is then pulled out of the weUbore section 130 and a drill bit or mill is 
used m combination with a conventional drilling assembly 506 to drill out any 
l-rdenedmaterial306withinthetubularmember210. IHe material 305 within 
25 the annular region 316 is then aUowed to cure. 

^i"»«t»tedinPig.6.preferablyanyremainingcuredmaterial305within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 506. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer515ofcuredmaterial305. Hie bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
_ shoe 215 and dart; 405 using conventional drilling methods. 

\6 
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In a preferred embodimenl. as iDustiated in Fig. 6. the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure reUef holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 

5 member210ispressure-tighlandthepressureontheinteriorandexteriorsurfaces 
of the tubular member 210 is equalized during the extmsion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the tubular 

member210.1nanaltemativepreferTed embodiment. thesealingmembers605aie 
1 0 bonded ormolded onto the outer surface 265 of the upper portion 260of the tubular 

member2I0. The pressure reUef holes 610 are preferably positioned in the last few 

feet of the tubular member 210. The pressure relief holes reduce the operating 

pressures required to expand the upper portion 260 of the tubular member 210. 

This reduction in required operating pressure in turn reduces the velocity of ttie 
15 mandrel 205 upon the completion of flie extmsion process. IWs reduction in 

velocity in turn minimizes the mechanical shock to tfie entire apparatus 200 upon 

ttie completion of tiie extirusion process. 

Referring now to Fig. 7. apparatus 700 for forming a casing wltiiin a wellbore 

preferably includes an expandable mandrel or pig 705. an expandable mandrel or 
20 pig container 710. a tubular member 71 5. a float shoe 720. a lower cup seal 725. an 

uppercupseal730.afluidpassage735.afluidpassage740.asupportmember745. 
a body of lubricant 750, an overshot connection 755. anottier support member 760. 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by die support 
25 member 745. The expandable mandrel 705 is further coupled to tfie expandable 
mandrel container 710. TTie expandable mandrel 705 Is preferably adapted to 
contiollably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with tfie teachings of ttie present disclosure. The 
30 expandable mandrel 705 preferably comprises a hydrauUc expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348.095. ttie contents of 



which are incoiporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constnicted from any number of conventional commercially available materials 
such as. for example. Oilfield County Tubular Goods, stainless steel, titanium or 

highstrengthsteels.nieexpandablemandrelcontainer710maybefabricatedftom 
materialhavingagreaterstrengththan the materialfrom which the tubularmember 
10 7I5isfabricated. I" this manner, the container 71 Ocanbe fabricated fiom a tubular 
material having a thinner wall thickness than the tubular member 21 0. This pemHts 

the container 710topass through tight clearances thereby facilitating its placement 
within the wellbore. 

Once the expansion process begins, and the thicker.lowerstrei^th material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 715 is greater than the outside diameter of the container 710. 

•me tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

directlonandextmdedoffof the expandable mandrel705substantiallyas described 
20 abovewithreferencetoFigs.1-6. ITie tubularmember 715 maybe fabricated from 
any number of materials such as. for example. Oilfield Country Tubular Goods 
(OCTG). automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

Thetubularmember715preferablyhasasubstantiaIlyannularcross-sectioa 

25 TTie tubular member715morepreferablyhasasubstantiallycircuIarannularcross- 
section. 

•me tubular member 715 preferably includes an upper section 805. an 
intermediate section 810. and a lower secUon 815. The upper secUon 805 of the 
tubularmember 715 preferably Is defined by the region beginning in the vicinity of 
30 the mandrel container 710 and ending with the top section 820 of the tubular 
member715. The intennediatesection810of the tubular member715ls preferably 
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defined by the region beginning in the vicinity of the top of the mandrel container 
71 0 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 71 5. 
5 The wall thickness of the upper section 805 of the tubular member 71 5 is 

greater than the wall thicknesses of the intennedlate and lower sections 810 and 
815 of the tubular member 715 in order to optimally faciliate the initiation of the 
extrusion process and optimally pennit the apparatus 700 to be positioned in 
locations in the wellbore having tight clearances. 
1 0 The outer diameter and wall thickness of the upper section 805 of the tubular 
member 715 may rai^e, for example, from about 2.667 to 121.92 cms (1.05 to 48 
Inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respect^ely. The outer diameter 
and wall thickness of the upper section 805 of the tubular member 715 may rar^e 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 Inches), respectively. 

The outer diameter and wall thickness of the intermediate section 8 1 0 of the 
hjbular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 
Inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respecthrely. The outer 
diameter and wall thickness of the intemiediate section 810 of the tubular member 
20 715 may range from about 8,89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3.175 
cms (1/8 to 1.25 inches), respecthrely. 

The outer diameter and wall thickness of the k>wer section 815 of the tubular 
member 715 may range, for example, fix>m about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 
25 thickness of the lower section 810 of the tubular member 715 may range from about 3.5 to 
19 inches and 1^ to 1 .25 inches, respectively. The waD thickness of the lower sectton 815 
of the tubular member 715 may be further increased to increase the strength of the shoe 
720 when drillable materials such as, for example, aluminiim aie used. 

The tubular member 7 1 5 preferably comprises a solid hibular member. The 
30 end portion 820 of the tubular member 715 maybe slotted, perforated, or otherwise 
modified to catch or slow down the mandrel 705 when it completes the extmsion 
of tubular member 715. The length of the tubular member 715 may be Umited 
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to minimize the possibility of budding. For typical tubular member 7 1 5 materials, 
the length of the tubular member 7 1 5 Is preferably limited to between about 1 2. 1 92 
to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular member 
5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
I'niel passage 830, and one or more jet ports 835. The cross-sectional shape of the inlet 
passage 830 is preferably adapted to receive a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
of solid material 840 for increasing the strength of the shoe 720. The body of solid material 
10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example. Super Seal 11 Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. The shoe 720 preferably comprises an 
15 aluminum down-jetguide shoe with a sealing sleeve for a latch-down plug available 
from HaUiburton Energy Sendees in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the wellbore, optimize the seal between the hibular member 715 
and an existing v^rellbore casing, and to optimally faciUate the removal of the shoe 
20 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by tiie support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance witfi the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from HalUburton Energy Services 
in Dallas, TX in order to optimally provide a debris barrier and hold a body of 
lubricant. 

JO The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
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number ofco„venao,«lcomme,dailyavalW,Iecupsealssuchas, for example TP 
cups or Setecuve InJecUon Packer (SIP) cup n»difled in accordance wiu, 'fte 
.eachings of U,e present disclosure. The upper cup seal 730 n«y comprtse a SIP 
cup available Halliburton Enen» Services in Dallas, TX in order to opUmally 
5 P'ovf'ieadebiisbanferandcontainabodyoflubricani. 

l*«''"'<'Pa»age735pem.iunuidicma.e,ials.obetranspo,tedtoandiion. 
the .ntenor n^lon of the tubular member r ,5 below me expandable tnandrel 705 

n,eliuidpa.sage735isfluidiclycoup.edtothenuidpassage7«.-meBuidpassage 
735 IS preferably coupled to and posiUoned within the support member 760, the 

10 support member745,.hemand,eicontainer7.0.andtheexpa,K.ab.em«^ 

Thenu,dpassage735preferablyex.endsih,mapositlonadjacen..o.he^^^ 
the bottom Of the expandable mandrel 70S. ITte Hid passage 735 is preferably 
pos.t,«,ed along a centeriine of the apparatus 70O. The fluid passage 735 is 
P|efe.ablyselectedtohansportmatertaissuchascemen,,drtllingmudorep„xies 

«)to3000gallo„sAninu,e)and 34.473 .o620.528l3bar(500 to 9.000ps0in order 
to p^Wde sulBcien. operaUng pressures to extrude the tubular member 715 off of 
the ejqaandable mandrel 705. 

20. *^ O^"' Of the 
20 apparatus 700 within a new secUon of a weilbore, m*«c matertah forced up the 

nu.dpassage735canbe,eleasedln.o.hewe«bo,eabo,eme.ubularmember7.5 
Tl-e apparatus 700 further includes a pressure «.ease passage that is coupled to 
and positioned within the support member 260. pressure release passage Is 
further fluididy coupled 10 the fluid oassanerw f sage is 

91 ...... ""'™°»''*^'». Tlie pressure release passage 

25 P-fe»biy.™:ludesacontn,,vaIveforcon..ollablyopening and Closing tJm^^ 
■•assage. -me control valve may be pressure acdvated in order to conm.l,ably 
mrnrn^esurjepressures. Tl^pressure release passage is preferably positioned 
sU^tant^ily orthogonal ,„ the centedine of the apparatus 700. 1 prji^ 

.eleasepassageisp,efe.ablyselected,oconveymatertalssuchascement.drIlli™, 
30 mud or epoxles a. flow rates and pressures ranging from about 0 to I892.70M 
Itlres/minute (0 to 500 gallonstoinute) and 0 to 68.94757 bar (0 to I 000 
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psi) in orte, lo reduce U,e drag on me apparatus 700 during insertion into a new 

secUonofawellboreandloraininUzesuisepressuresonOHinewwellborcsecUon 
The nuid passage 740 penniu fluidic n«toials to be .^sported lo and /ran the 

'egio„ex,eHor.o.hetubularmen*.r7l5, 1*. fluid pass.,. 740 is p^Terablycoupted to 

5 andpK^itioned within theshoeTMinauldicconniunicationwIththelntertor^^^^^ 

^bula,„,embe,7ISbetowthe«,«™W>,.„^;05.-n,elluMp,ss.ge7«,prefe«bly 
hasac»ss-sec.k««,shapetha,pemU.saph«.orothersln^la,deWce,«^ 

.nl..830of,h.m*.passag.7«t.the«l,b.ocl,ftmherpass.geofn„,dicmaterials. h 
*""»™"-'^tatedo,.egtonc,««,„bula,men,be,715belowthe«^ 

™5canbeopt»nally.Udk*Isolatedte„,.he«gk«,e«e*rtothetubular„^^^ 

n^sp«„,.s.h.tat«.o,,^ofth.,ubula,nu»„be,7l5bdowth.e,pa„dablemand,el 

substandaHy along the cemertine of tl« apparatus 700. Bte fluid passage 740 Is 

P«ferablyseleetedtocon.eyma,erialssuchas cement, drilling mudorepoxiesat 

15flowratesa«ipressui«rangingfton,about0.oll356.235Slitres/mlnute(0to3000 
gall„nv*nlnute) and 0 to 620.5281 3 bar (0 to 9,000 psi) in order to opttaally m an 
annular .eglon between the tubular member 715 and a new section of a wellbore 
W.O. fluidic materials. T„e fluid passage 740 may include an Inle, passage 830 

"^-Sageomeuythatcant^celveadanand^orabanseallngmember. In this 
manner, the fluid passage 240 can be sealed off b. Introducing a p*,g, dar. an*o. 
Bail sealing elements into the fluid passage 230. 

TOeapparatus 700mayfu.«,erlncludeoneormo,eseals 845coupled loand 
supported by the end portion 820 of the tubular member 715. n,e seals 845 are 
ftt«herposlttonedonanoutersu,faceof.hee„dp«tlon820„f the tubularmember 
25 715. 11« seals 845 pemut the overiapping ioim between an end portion of 

P»existingcaslngandtheendportion820ofthetubularmember71Slobefluidicly 
seatei n,e seals 845 may comprise any number of conventional commenially 

ava,lablesealssuchas,forexample,lead,mbber.Teflon~orepo,ysealsmodifled 
m accordance wiU, the teachings of the pt^sent disclosure. Tl« seals 845 may 
comprise seals molded from Stralal^ epoxy available from HaBlb^ton Enetgy 
Services in Dallas, TK in order to optimally ptoWd. a hydraulic seal and a load 
bearing 
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interference fit in tlie overlapping joint between the tubular member 715 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient frictional force to 
5 support the expanded tubular member 7 1 5 from the existing casing. The ftictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to optimally support the expanded tubular member 
715. 

The support member 745 is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support membeis such as, for 
example, steel drill pipe, coiled tubing or other high strengtii tubular modified in 
1 5 accordance with the teachings of tfie present disclosure. The support member 745 
may comprise conventional driU pipe available from various steel mills In the United 
Slates. 

A body of lubricant 750 may be provided In the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 
20 In tiiis manner, the extmsion of ttie tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as, for example, Lubriplate, 
chlorine based lubricants, oU based lubricants, or CUmax 1 500 Antisieze (3100). The 
lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 HalliburtonEneigyServicesinHouston.'DCinordertooptfmallyprovide lubrication 
to faciliate the extrusion process. 

The overshot connection 755 is coupled to ttie support member 745 and the 
support member 760. The overshot connection 755 preferably permits the support 
member 745 to be removably coupled to the support member 760. The overshot 
30 connection 755 may comprise any number of conventional conuriercially available 



overshot connecUons such as. for example. Innerstring Sealing Adapter. Innerstring 
Flat-Face Sealing Adapter or EZ Drill Setting Tool SUnger. The overshot connection 
755 may comprise a Inneistring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas. TX. 
5 The support member 760 is preferably coupled to the overshot connecUon 
755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 700 Into a new secUon of a wellbore. The support member 760 may 
comprise any number of convenUonal conrniercially available support members 
10 such as. for example, steel drill pipe, coiled tubing or other high strength tubulare 
modified in accordance with the teachings of the present disclosure. The support 

member760maycompriseaconvenuonaldrillpipe available fiomsteelmiUsIn the 
United States. 



The stabilizer 765 Is preferably coupled to the support member 760. The 
1 5 stabiBzer 765 also preferably stabilizes the components of the apparatus 700 within 
the tubular member 715. T7,e stabilizer 765 preferably comprises a spherical 
member having an outside diameter that is about 80 to 99% of the Interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. n,e stabilizer 765 may comprise any number of conventional 

20commerciallyavailablestabiMzer5suchas.forexample,EZDrillStarGuides.packer 
shoes or drag blocks modified in accordance with the teachings of the present 

disclosure. Thestabilizer765maycompriseasealingadapterupperguideavailable 
from Halliburton Eneigy Services in Dallas, TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 
25 assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into the apparatus 700 is minimized. TOs 
minimizes the possibUily of foreign material ctogging the various flow passages and 
valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
30 wellbore, a couple ofwellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 

reference to Figs. 1-7 to fonm a new section of casing within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubular liner 810 inside of the existing weUbore casing 805. In a preferred 

10 embodiment, an outer annular linii^ of cement is not provided in the repaired 
sectioa In the alternative preferred embodiment, any number of fluidic materials 
can be used to e}q>and the tubular Bner 810 Into Intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 
drilling mud. In the ahematwe preferred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 
provide a fluidic seal. In an altemative preferred embodiment, the tubular Hner 810 
is formed within a horizontally positioned pipeline section, such as those used to 
transport hydrocarbons or water, with the tubular liner 8 1 0 placed in an overiapping 
relationship with the adjacent pipeline section. In tills manner, undei^round 

20 pipelines can be repaured without having to dig out and replace the damaged 
sections. 

In another altemative preferred embodiment, tt»e method and c4>paratus 
described herein is used to direct^ line a weUbore witii a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement Is not prodded between 
25 ttie tubular liner 810 and ttie wellbore. In ttie altemative prefened embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with ttie weUbore such as, for example, cement, epoxy, slag nrabc, 
or drilling mud. 

Referrir^ now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for fonning a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
and shoe 908 pemnits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The e;q)andib]e tubular member 902 preferably includes an upper portion 
910, an intemnedlate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extmded off of the mandrel 

10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 91 5 
is coupled to the upper portion 91 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 

15 of the mandrel 906 by pressurizing the interior region 966 of the tubular meml>er 
902. The tubular meml)er 91 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 91 5 is greater 
than the wall thickness of the tubular member 902. 

The tubular member 91 5 maybe fabricated from any numt>er of conventional 

20 commercially available materials such as, for example, oilfield tubulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
915 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular meml>er 902. In a particularly 
preferred emt>odiment, the tubular member 915 has a plastic yield point ranging 

25 from about 275.9028 to 9307.92 1 95 bar (40,000 to 1 35,000 psi) in order to optimally 
provide approximately the same yield properties as the tubular member 902. TTie 
tubular member 915 may comprise a plurality of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an e^dsting section of weUbore casing. 
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In a prefeired embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of buckling. For typical tubular member 
materials, the combined length of the tubular members 902 and 91 5 are limited to between 
about 12.192 to 6,096m (40 to 20,000 feet) in length. 
5 The lowerportion914of the tubularmember902 is preferably coupled to the 

shoe 908 by a threaded connection 968. The intermediate portion 91 2 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 may l>e fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars» low alloy 

1 0 steels» titanium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as (he tubular member 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yie\d point rEuiging 
from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

1 5 provide approximately the same yield properties as ttie tubular member 91 5. 

The wall thickness of the upper, intermediate, and lower portions, 9 1 0, 9 1 2 and 914 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
irKhes). In a preferred embodiment, the wall thickness of the upper, intermediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from at>out 0.3175 to 

20 3. 1 75 cms ( 1/8 to 1 .25 inches) in order to optimally provide wall thickness that are about 
the same as the tubular member 9 1 5. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometry that will fit into tight clearances downhole. 

The outer diameter of tiie upper, intermediate, and lower portions, 910,912and914 

25 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms (1.05 
to 48 inches). In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 V4 to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfleld tubulars. 



( . The length of the tubular member 9(72 is t)refer^ly liinited'to Wtween about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 rn ^m erciAlly available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Countcy Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferred embodiment, the tubular member 915 comprises 
Oilfield Coimtiy Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular m^nber 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any nmnber of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross*section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
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( ;nibodiinent, the support member 90^ is fabricated from'tew ftiloy steel in order 

to optimally provide high yield strength' 

The innerstring adaptor 916 preferably is coupled to and supported by a 

conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 

connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to conv^ hardenable fhiidic sealing materials to and from the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^3rance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support men[Lber 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy Services in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or m ac hin ed from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annidar 
cross-section. The retainer 924 may comprise any nimiber of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entiy of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any ntunber of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign Tnaferif^lg. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior siurface of the mandrel 902 and the interior 
surface of the tubidar members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate^, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100X In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 928 is 
prevented by the body of cement 932, the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The wall thickness of the e;4>ansion cone 928 may range, for example, 
from aboutO.3175 to 7.62 cms (0.125 toSinches). In a preferred embodiment, the 
wall thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minimal material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 inches). In a prefeaed embodiment, the maximum and minimum outside 
diameters of the ej^qiansion cone 928 range from about 8.89 to 48.26 cms (3.5 to 1 9 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

15 Theexpansioncone928maybefabricated fromanynumberof conventional 
commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a prefenred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C. In a prefen^ed embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a prefened embodiment, axial movement of the e;q>ansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium' or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 RockweU C to 70 
Rockwell C. m a preferred embodimenl. the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient Interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
1 5 The body of cement 932 provides an Inner bearing structure for the mandrel 906 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commerciallyavailable cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material maybe substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 



section. 



The lower g uide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900. the lower guide 934 preferably helps guide 

themovementofthemandrel906wittiinthelubutermember902. Thelowerguide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars. low alloy 
30 steel or stainless steel. In a prefeaed embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. The 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandrel906wlthlnthelubularmember902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulais. low alloy steel or stainless steel. In a preferred embodiment, the 

10 extensionsleeve936isfabricatedfromlowaUoysteelinordertooptimallyprovide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
prefen^ed embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element In order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seaUng sleeve 942. The spacer 938 
preferably Includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample,steel.alumlnumorcastiron. 
m a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallyprovidedriUabllity. The end of the spacer938preferably mates with the 
25 end ofthe extension tube 960. In a preferred embodiment, the spacer 938 and the 
sealing sleeve 942 are fomned as an integral one-piece element in order to reduce 
the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion ofthe expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of com-en«onal 

commercially available malertals such as. for example, oline.<l,ubu.ars,lowalloy 
s-eel or s.ainle« sfeel. In a p«fe,red embodimem. tt.e housing 940 is fabnca.ed 

fram lowanoy steel ino,de„ooplimallyp,ovidehighy,elds.rengm.,naprefe,red 
5 embodimem, fte lower guide 934, extension sleeve 936 and housing 940 are 
fom«d as an Integral one-piece element in onler to minimize the number of 
components and increase the strength of the appaiatus. 

m a paniculariy p«,e„ed embodiment, the intetior suriace of the housing 
940 .ncludes one or more p,o„usions to fadUate the connecUon between the 
10 housing 940 and the body of cement 932. 

The seaUng sleeve 942 Is coupled to the support member 904, the body of 
cement 932. the spacer 93a, and the upper cone retalner944. During opetation of 
^appa^tus, the sealing steeve 942 prefetably pr^es suppori forme mandrel 

^- l^-a»ngsleeve942ispreferablycoupledtothesuppor,member904using 
-5 the coupling 922, Prefetably, the sealing sleeve 942 has a substantially a™,u J 



TTe sealing Sleeve 942maybe fabricated from any number Of conventional 
comme,clallyavailablema,enalssuchas,forexamp,e,s.eel,alum.numorcas.iron 

20 order to optimally provide drillability of the sealing sleeve 942 

in a particularly prefened embodiment, the outer surfece of the sealing 

sleeve9 2,ncludesoneormo,eprotmsionstofac.Hate.heconnectionbe,wee„,be 
sealing sleeve 942 and the body of cement 932. 

25 942j"t'^r,''^''^'™'''^™"''''"'»='"'«'"«'«»«^Nsleeve 

25 9^2a,e.n.egrally,om,edasaone.pteceeleme„tlnorder.omlnimize the number 
Of components. 

T^e upper cone retainer 944 is coupled to the expansion cone 928, the 
«l.ngsleeve942,and.hebodyofcemen.932. During opetauonoftheappamtus 

30 co„e928. P'e'-b,y.,heupperconere.a.ner944hasasubstantiallyannu.rc.»ss. 
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The upper cone retainer 944 may be fabricated from 'any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 is 

fabricatedfromaluminuminordertooptimallyprovidedrillabilityoftheuppercone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particulariy 
prefen^d embodiment, the upper cone retainer 944 has a cross-secUonal shape 

thatis substantially 1-shapedtoprovide increased rigidity and minimize the amount 
10 of material that would have to be driUed out. 

The lubricator mandrel 946 is coupled to the retainer 924. the mbber cup 926 
the upper cone retainer 944. the lubricator sleeve 948. and the guide 950. During 
operation of the apparatus 900. the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
convenUonal commercially available materials such as. for example steel 
aluminum or cast Iron. In a preferred embodiment, the lubricator mandrel 946 is 

20 fabricated fromaluminum in order to optimally provide driUabilltyof the lubricator 
mandrel 946. 

■me lubricator sleeve 948 is coupled to the lubricator mandrel 946 the 

retainer924. the rubber cup 926. the uppercone retainer 944. the lubricatorsteeve 
948. and the guide 950. During operation of the apparatus 900. the lubricatorsteeve 

25 948 preferably supports the rubber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
convenUonal commercially availabte materials such as. for exampte. steel 
aluminum or cast iron. In a preferred embodiment, the lubricator steeve 948 is 

30 febricatedfromaluminuminordertoopUmallyprovidedrillabilityofthe lubricator 
sleeve 948. 



3>t 



As illustrated in Fig. 9c. the lubricator sJ^We 948 is supposed By the lubricator 
mandrel 946. THe lubricator sleeve 948 in turn supports the mbber cup 926. The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a prefeired 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946, lubricator sleeve 948. and rubber cup 926 In order to optimally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946. the retainer 924, and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
1 0 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 

commeiciallyavailablematerialssuchas.forexample.steel.aluminumorcastiron. 
In a preferred embodiment, the guide 950 is fabricated fiom aluminum oKler to 
optimally provide drillability of ttie guide 950. 
1 5 The fluid passage 952 is coupled to ttie mandrel 906. During operation of tiie 

apparatus. «,e fluid passage 952 preferably conveys haidenable fluidic materials. 

Inapreferred embodiment, the fluid passage 952is positioned about the centeriine 
of the apparatus 900. In a particularly prefeired embodiment, the fluid passage 952 

is adapted toconveyhardenable fluidic materialsat pressures and flowrateranging 
20 from about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 litres/minute (0 
to 3.000 gaflons^min) in order to optimally provide pressures and flow rates to 
displace and circulate fluids during the installation of ttie apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as. for example, ttireaded connections, welded 
25 comiections or cementing. In a preferred embodiment, ttie various elements of fte 
mandrel 906 are coupled using Uireaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958. an extension hibe 960, a fluid passage 962, and one or more 
oudet jets 964. 

30 Thehousing954iscoupledtottie bodyofcement956and the lower portion 

914of ttie tubularmember902. During operationofttie apparatus 900. tiie housing 
954 preferably couples the lower portion of ttie tubular member 902 to tfie shoe 908 
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to facilitate the extrusion and posiUoning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-secUon. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particulariy preferred embodiment, the interior surface of the housing 
954 includes one or more protmsions to faciliate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954, and the sealing sleeve 

958. In a prefen'ed embodiment, the composition of the body of cement 956 Is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a driUable 
material such as, for example, aluminum or Iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to Uie body of cement 956, tiie extension 
tube 960, ttie fluid passage 962, and one or more outlet jets 964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from tiie fluid passage 952 into tiie fluid passage 962 and 
then into tiie outlet jets 964 in order to inject tiie hardenable fluidic material into an 
annular region external to tfie tubular member 902. In a preferred embodiment, 
during operation of tfie apparatus 900. tfie sealing sleeve 958 further includes aii 

25 Jnlelgeometrythatpermitsaconventionalplugordart974lobecomelodgedintfie 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked thereby fluidicly isolating ttielnleriorregion966ofthetubularmember902. 

In a prefen^ed embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, tite sealing sleeve 958 is 
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Abricated from aluminum in order to optimaUy pfovide drinjdbilily'of the sealing 
sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 forther includes an inlet 
10 geometiy that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fedliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
^ annularcross-section. The extension tube 960 may be fabricated from any number 
- of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 968, the extension 
tube 960, and one or more outlet jets 964. During opeiation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 P«ferredembodiment,thefluidpassagB962ispositionedaboutthecenterlineof 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to conv^ hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 1 1356.2355 (0 to 3 000 
gallons/min) in order to optimally provide fluids at operationally efficient rates. 

30 Theouaetjets964arecoupledtothesealing8leeve958,theextensiontube ' 

960. and the fluid passage 962. During operation of the apparatus 900, the outlet 
_ jets 964 preferably conv^ hardenable fluidic materia] from the fluid passage 962 
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^ tother^cm«terioroftheapparatus900. i^a'prefer^d'embwlimekt. the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages driUed in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Kgs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weUbore into a subterranean formation 

a dnll string is used in a well known manner to drill out material from the' 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formafaon is then positioned in ti.e new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918 The 
hardenablefluidicsealingmaterialthenpas8esfromthefluidpassagB918intothe 

mtenor region 966 of the tubular member 902 below the mandrel 906 The 
luudenable fluidic s^ 

the fhnd passage 962. hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jete 964 and Alls an am^ular region between the 

extenorofthe tubular member 902andtheinterior wall ofthe new sectionof the 
weUbore. Continuedpumpingofthehardenablefluidicsealingmaterialcausesthe 
matenal to fill up at least a portion ofthe ammlar region. 

H^e hardenable fluidic sealing material is preferably pumped into the 

a^uW «gion at p^essures and flow .tes nu^ for exan^te^ 

a.e hardenable fluidic seaUng materia, is punned into the «^ « 
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and flow rates lhal are designed for ihe speciOc wellbore section in order to 
opUmize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably detennined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefen'ed embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for Uie weU section being Uned available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operationaldifficulties during thedlsplacement of the cementin the annular region. 

The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 

material in suflicient quantities to ensure Uiat, upon radial expansion of the tubular 

member 902, ttie annular region of the new section of the wellbore will be fiUed 

witfi hardenable material. 

20 Once the annular region has been adequately filled witii hardenable fluidic 

sealing material,aplugordart974, or otiier similar device, preferably is introduced 
into Uie fluid passage 962 Uiereby fluidicly isolating the interior region 966 of the 
tubular member 902 from ihe external annular region. In a preferred embodiment, 
a non hardenable fluidic material is ttien pumped into the Interior region 966 

25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974, or otiier similar device, preferably is introduced 
into tfie fluid passage 962 by introducing the plug or dart 974, or other similar device 
into me non hardenable fluidic material. In this manner, the amount of cured 
material witiiin the interior of the tubular members 902 and 915 is minimized. 

30 Once the interior region 966 becomes sufficiently pressurized, the tubular 

members 902 and 915 are extmded off of the mandrel 906. The mandrel 906 may 
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'eWision pro&ess, the loandrel 906 



^ befizedoritmaybeexpandible. During the' 

is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationaiy. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the phig or dart 974 comprises 
a MSG latch^own plugavailable from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferabfy pumped into the interior region 966 at 
15 pressures and flow rates ranging fiom approximately 34.473 to 620.52813 bar (500 to 
9,000 psi) and 151.4164 to 1 1356.2355 Uties/minute (40 to 3.000 gallons/min) in order to 
optimally extrade the tubular members 902 and 915 off of the mandrel 906. 

For twical tuhitar n«mbere 902 and 915. the crtrusion of tl« ft^^ 
of the e^a»dable nacdiel wfll begin when the pressme of the imerior legion 966 re«:hes -pproxnnately 
34.473 to 620.52813 bar (500 to 9.000 psi). In a prefaied „nbodin,ent. the extrusion of the tubular 
members 902 and 915 off of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approximately 82.7352 to 586.041 bar (1.200 to 8.500 psi) with . flow rate of .bout 151.4164 to 
4731.7648 litres/minute (40 to 1250 gallons/minute). 

During the extrusion process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, fiom about 0 
25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extrusion process the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
pulling speed fast enough to permit efficient operation and permit foil expansion of the 
tubular members 902 and 91 5 prior to curing of the hardenable fluidic sealing material- 
but not so fast that timely adjustment of operating parameters during operation is 
30 prevwited. 



When the upper end portion of the tubidkr member 9 15 is e'xtkj'ded off of the 

mandrel906. the outer surfaceof the upper end portionof the tubularmemberSlS 
will preferably contact the interior surface of the lower end portion of the existing 
casing to forni an fluid tight overiapping joint. The contact pressure of the 
5 overiapping joint may range, for example, from approximately 3.447379 to 
1 ,278.95 1 4 bar (50 to 20,000 psi). In a prefened embodiment, the contact pressure 
of tiie overiapping joint between the upper end of the tubular member 9 1 5 and the 
existing section of wellbore casing ranges from approximately 27.579028 to 
689.4757 bar (400 to 10.000 psi) in order to optimally provide contact pressure to 
1 0 activate the sealing members and provide optimal resistance such mat the tubular 
member915and existing wellbore casing wiUcany typical tensile and compressive 



In a prefe^ed embodiment, the operating pressure and flow rate of ttie non 
hardenable fluidic material will be controllably lamped down when the mandrel 

15 906 reaches tt,e upper end portion of the tubular member 915. In ttris manner, ttie 
sudden release of pressure caused by ttie complete extnision of ttie tubular 
member 9 1 5 off of Uie expandable mandrel 906 can be minimized. In a prefeired 
embodiment, ttie operating pressure is reduced in a substantially Onear fashion 
from 100% to about 10% during ttie end of ttie extmsion process beginning when 

20 ttie mandrel 906 has completed approximately all but about ttie last 1 .524m (5 feet) 
of the extmsion process. 

In an altemative prefened embodiment, ttie operating pressure and/or flow 
rate of Uie hardenable fluidic seafing material and/or ttie non hardenable fluidic 
material are controlled during all phases of ttie operation of ttie apparatus 900 to 
25 minimbte shock. 

Allematively. or in combination, a shock absorber is provided in the support 
member 904 in oider to absort) ttie shock caused by ttie sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

30 above ttie supportmember 904 in order to catch or at least decelerate ttiemandrel 
906. 

Once ttie extmsion process is completed, ttie mandrel 906 is removed from 
tfie wellbore. In a prefeired embodiment, eittier before or after ttie removal of ttie 



mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional mettiods. If Uie fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing is satisfactory, then ttie uncured portion of any of the 
hardenable fluidic sealing material wittiin the expanded tubular member 915 is ttien 
removed in a conventional manner. The hardenable fluidic sealing material within 
Uie annular region between Uie expanded tubular member 915 and tfie existing 
casing and new section of weUbore is tiien allowed to cure. 

10 PreferablyanyremainingcuredhaidenablefluidicseaUngmaterialwithinme 
interior of the expanded tubular members 902 and 915 is then removed In a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably Includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
1 5 of the apparatus 900 comprising the shoe 908 may tiien be removed by drilling out 
tije shoe 908 using conventional drilUng methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of tiie wellbore due 
toa malfunction. In tiiis circumstance, a conventional drill string is used to drill out 
20 the interior sections of tfie apparatus 900 in order to facilitate the removal of tiie 
remaining sections. In a preferred embodiment, tiie interior elements of ttie 
apparatus 900 are fabricated from materials such as. for example, cement and 
aluminum, tiiat perniit a conventional driU string lo be employed to drill out the 
interior components. 

25 In particular, in a preferred embodiment, the composition of tfie Interior 
sections of the mandrel 906 and shoe 908, including one or more of ttie body of 
cement 932. tiie spacer 938. ttie sealing sleeve 942, tiie upper cone retainer 944, the 
lubricator mandrel 946, ttie lubricator sleeve 948, the guide 950. tiie housing 954, ttie 
body of cement 956, ttie sealing sleeve 958, and the extension tube 960, are 

30 selected to pemnit at least some of tiiese components to be drilled out using 
conventional driUing methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 

Referring now to Figs. 10a, 10b. 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creaUng a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1 000 positioned in a subterranean fonnaUon 1 002 
Includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1 006 preferably includes a tubular liner 1 0 1 2 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. 1 -9c or below with reference to Figs. 1 1 a- 1 1 f. 

In aparticulariy prefened embodiment, an upper portion of the tubular liner 
1012 overiaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from the 
overiap between the first and second casings. 1 004 and 1 006, an apparatus 1 100 is 
preferably provided that Includes an expandable mandrel or pig 1 105. a tubular 
20 member 1 1 lO.ashoe 1 1 15, one or more cup seals 1 120, a fluid passage 1 130,afluid 
passage 1 1 35, one or more fluid passages 1 140. seals 1 1 45. and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controllably expand In a radial direction. The expandable mandrel 1 105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substanUally as disclosed in U.S. Pat. No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance with the 
teachir^s of the present disclosure. 
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The tubular member 1 1 10 is coupled to and supported by the'expandable mandrel 
1 105. The tubular member 1 105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1 1 10 may be 

fabricated from any number of materials such as, for example, Oilfield Country Tubular 
5 Goods. 13 chromium tubing or plastic piping. In a prefenred embodiment, the tubular 

member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for example, 

from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2,667 to 121.92 cms (1.05 

to 48 inches), respectively. In a prefened embodiment, the inner and outer diameters of 
1 0 the tubular member 11 10 range from about 7.62 to 39.37 cms (3 to 1 5.5 inches) and 8.89 

to 40.64 cms (3.5 to 16 inches), respecth^ely in order to optimally provide coverage for 

typical oilfield casing sizes. The tubular member 1110 preferably comprises a solid 

member. 

In a preferred embodiment, the upper end portion of the tubular member 1 1 10 is 

1 5 slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 105 when 
it completes the extmsion of tubular meml>er 1 1 1 0. In a preferred embodiment, the length 
of the tubular member 1 1 10 is limited to minimize the possibility of buckling. For typical 
tubularmember 1 1 lOmaterials, the length of the tubular member 1 1 10 is preferably limited 
to between about 12.192 to 6.096m (40 to 20,000 feet) in length. 

20 The shoe 1 1 1 5 is coupled to the e}q)andable mandrel 1 1 05 and the tubular member 

1 1 10. The shoe 1115 includes the fluid passage 1 135. The shoe 1115 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal 11 
float shoe, Super Seal II Down-Jet float shoe or a guide shoe with a sealing sleeve for a latch 
down plug modified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow port 
available from Halliburton Energy Services in Dallas, TX, modified in accordance v^th the 
teachings of the present disclosure, in order to optimally guide the tubular meml>er 1 100 
to Che overiap between the tubular member 1 100 and the casing 1012, optimally fluidicly 

30 isolate the Interior of the tubular member 1 100 after the latch down plug has seated, and 
optimally permit drilling out of the shoe 1115 after completion of the expansion and 
cementir>g operations. 

In a prefened embodinnent, the shoe 1115 includes one or more side outlet 
ports 1 1 40 in fluidic communication with the fluid passage 1 1 35. In this manner, 
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vhe shoe 1 1 15 injects haxdenable fluidic sealingmaterial into the region outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the Huid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1 150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) 
25 and 0 to 620.528 1 3 bar (0 to 9,000 psi) in order to optimaUy provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 

U6 



^ <,xpaiidable mandrel 1105. The fluid passag^ 1140 preferably have a cross- 
sectional shape that permits a plug, or otller similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to conv^r materials 

10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill flie annular region between the tubular memb» 
11 10 and the tubular liner 1008 with fluidic matCTials. In a prefcn-ed embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dait and/or a ball sealing 
manbCT. In fliis manner, the fluid passages 1140 can be sealed off by introducing a plug, 

^® dart and/or ball sealing elements into the fluid passage 11 30. In a preferred embodiment, 
the apparatus 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodimoit, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug. 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fiuididy isolated from the exterior of the tubular m«nber 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1146 are fdrther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlapping joint between the upper end portion of the caong 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, mbber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1146 comprise seals moldedfrom Stratalock epojcy available 
from Halliburton Energy Services in Dallas, TX in order to optimaUy provide a 
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aydraulic seal in the overlapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 
^ In a preferred embodiment, the seals 1145 are selected to optimally provide 

a sufficient ftictional force to support the expanded tubular member 1110 from the 
5 tubular liner 1008. Jnapreferredembodiment, the fnctional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1 1 10. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an prTnil»r member having sufiBdent strength to carzy the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment^ the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 finmilnr rogion abovo the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
_ off of the ejcpandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional ooiunercially available lubricants such aa, 
for example Lubriplatc™, chlorine based lubricants or Climax 1500 Antisieze (3 100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1 150 is thorou^y cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1 100 is minimized. 
This minimizes the possibiUty of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented fh)m entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a preferred embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Energy Services in Dallas, 
5 TX. In an alternative embodiment, a high gel strength pill may be set below the tie- 
back in place of the packer 1 155. In another alternative embodiment, the packer 
1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 100 and to ensure 
that no foreign material interiieres with the operation of the e;q[}ansk>n mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is Uien 
1 5 pumped from a surface location into the fluid passage 1 1 30. The material 1 1 60 then 
passes from the fluid passage 1 130 into Uie interior region of the tubular member 
1 1 10 below the expandable mandrel 1 105. The material 1 160 then passes from the 
interior region of Uie tubular member 1110 into ttie fluid passages 1140. The. 
material 1 160 then exits ttie apparatus 1 100 and fills the annular region between tfie 

20 exterior of the tubular member 1 1 10 and the interior wall of the tubular liner 1008. 
Continued pumping of the material 1 1 60 causes the material 1 1 60 to fill up at least 
a portion of the annular regioa 

The material 1 160 may be pumped Into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1 177 lltres/mlnute (0 to 1,500 gaflons/min), respectively. In a preferred 
embodiment, tiie material 1 1 60 is pumped into tfie annular region at pressures and 
flow rates specifically designed for tiie casing sizes being run, ttie annular spaces 
being filled, the pumping equipment available, and ttie properties of tfie fluid being 
pumped. The optimum fiow rates and pressures are preferably calculated using 

30 conventional empirical mettiods. 



The hardenable Huldic seaUng material 1 160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mix, cement or epoxy. In a prefen-ed embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for weU section being tt'ed-back, available from Halliburton Energy 
Services in Dallas, TX In order to opUmally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The opUmum blend of ttie blended cements are preferably detennined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 In sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled with material 1 1 60. 

As illustrated in Fig. lOd. once the annular region has been adequately filled 
15 withmaterial 1160, oneormore plugs 11 65, or other similar devices, preferably are 
introduced Into the fluid passages 1 1 40 thereby fluididy isolating the Interior region 
of the tubular member 1 1 1 0 from the annular region external to the tubular member 
1 1 10. In a prefen-ed embodiment, a non hardenable fluidic material 1 161is then 
pumped into the interior region of the tubular member 1 1 10 below the mandrel 
20 1105 causing the Interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 1 65, or other similar devices, are introduced 
into the fluid passage 1 140 with the introduction of the non hardenable fluidic 
material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1 1 10 is minimized. 
25 As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1 1 10 is extnided off of the expandable mandrel 
1 105. During the extnision process, the expandable mandrel 1 105 is raised out of 
the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
30 Inti-oducing ttie plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 11 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example. 



brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density nibber balls. In an 
alternative embodiment, for a shoe 1 105 having a common central inlet passage, the plugs 1 165 
5 comprise a single latch down dart. 

After placement of the plugs 1 165 in the fluid passages 1140, the non hardenable 
fluidic material 1 161 is preferably pumped into the interior region of the tubular member 
11 10 below the mandrel 1 1 05 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 13.562.355 litres/minute (40 to 
1 0 30,000 gallons/min). In a preferred embodiment, after placement of the plugs 11 65 in the 
fluid passages 1140, the non hardenable fluidic material 1 161 is preferably pumped into the 
interior region of the tubular memt>er 1110 below the mandrel 1 105 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar (1 200 to 8500 psi) and 1 5 1 .4 1 64 to 
4731 .7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 
15 typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1 1 10 off of the 
expandable mandrel 1 1 05 will begin when the pressure of the interior region of the tubular member 
1110 below the mandrel 1 105 reaches, for example, approximately 82.737 to 586.0543 bar (1 200 to 
8500 psi). In a preferred embodiment, the extrusion of the tubular member 1 110 off of the 

20 expandable mandrel 1 1 05 t>egins when the pressure of the interior region of the tubular member 
1110 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 1.524 nVs (0 to 5 ft/sec). In a preferred embodiment. 

25 during the extmsion process, the expandable mandrel 1105 Is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0,6096 m/s (0 to 2 ft/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extmsion process will be 
completed before the material 1 160 cures. 

30 In a prefen-ed embodiment, at least a portion 1 180 of the tubular member 

1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 105. 
In this manner, when the mandrel 1 105 expands the section 11 80 of the tubular 
member 1 1 1 0, at least a portion of the expanded section 1 1 80 effects a seal with at 



least the wellbore casing 1 01 2. In a particularly preferred ernbodiment, the seal Is 
effected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded secUon 1 180 of the tubular member 1110 and the 
5 casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members II 45 and provide 
opUmal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an alternative prefened embodiment, substantially all of the entire length 
10 of the tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 1 05. In this manner, extrusion of the tubular member 1 1 1 0 by the 
mandrel 1 105 results in contact between substantially all of the expanded tubular 
member 1 1 lOand the existing casing 1008. Inaprefeired embodiment, the contact 
pressure of the joint between the expanded tubular member 1 1 1 0 and the casings 
15 1008 and 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10,000 psi) in 
order to opUmally provide pressure to activate the sealing members 1145 and 
provide opUmal resistance to ensure that the joint wiU withstand typical extremes 
of tensile and compressive loads. 

In a prefeired embodiment, the operating pressure and flow rate of the 
20 material 1 161 is controllably ramped down when the expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by ttie complete extrusion of the tubular 
member 1 1 lOoffoftiie expandable mandrel 1 1 05 can be minimized. Inaprefeired 
embodiment, ttie operating pressure of the Huidic material 1 161 is reduced in a 
25 substantially linear fashion from 100% to about 10% during the end of ttie extnision 
process beginning when the mandrel 1 105 has completed approximately all but 
about 1.524m (5 feet) of Uie extrusion process. 

Alternatively, or in combination, a shock absoiber is provided in ttie support 
member 1150 in order to absort? ttie shock caused by the sudden release of 
30 pressure. 
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Alternatively, or in combination, a mandrel catching structure isprovided in 
the upper end porUon of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Refening to Fig. lOf, once the extrusion process is completed, the 
5 expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 1 05, 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 
tubular member 1 1 1 0 is then removed in a conventional manner. The material 1 1 60 
within the annular region between the tubular member 1 1 1 0 and the tubular liner 
1008 is then allowed to cure. 

15 As illustrated in Fig. 1 Of, preferably any remaining cured material 1 160within 

the interior of the expanded hjbular member 1110 Is then removed In a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 170 includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 160. 

20 As illustrated in Fig. lOg. the remaining bottom portion of ttie apparatus 1 100 
comprising the shoe 1 1 15 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 15 and packer 1 155 using conventional drilling methods. 

In a particularly preferred embodiment, tiie apparatus 1 1 00 incorporates the 
apparatus 900. 

25 Referring now to F^s. 1 la-1 If, an embodiment of an apparatus and mettiod 
for hanging a tubular liner off of an existing wellbore casing wUI now be described. 
As iUustrated in Fig. 1 1 a, a wellbore 1 200 is positioned in a subterranean formation 
1205. The wellbore 1 200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend tiie wellbore 1200 into the subterranean fomiation 1 205, 

a drill string 1225 is used in a well known manner to drill out material from the 
subtenanean fomiation 1205 to form a new section 1230. 

■SI 
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As illustrated in Fig. lib, an apparatus 1300 forfonningawellbore casing in 
asubtenanean formation is then positioned in the new section 1230of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 1310. a shoe 1315, a fluid passage 1320, a fluid passage 1330. a 
5 fluid passage 1335. seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferabty adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5.348.095, the disclosure of which is 
irKorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

1 5 The tubular member 1 3 1 0 is coupled to and supported by the expandable mandrel 

1 305. The tubular meml>er 1 3 1 0 is preferably expanded in the radial direction and extruded 
offofthe expandable mandrel 1305. The tubularmember 1310 maybe fabricated from any 
number of materials such as, for example. Oilfield Country Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a preferred embodiment, the tubular 

20 member 1310 is fabricated from OCTG, The inner and outer diameters of the tubular 
meml>er 1310 may range, for example, from approximately 1 .905 to 1 1 9.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respecth^ely. In a prefened 
embodiment, the Irmer and outer diameters of the tubular member 1310 range from about 
7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively 

25 In order to optimally provide minimal telescoping effect In the most conunonly 
encountered weUlx>re sizes. 

In a preferred embodiment, the tubular member 1310 includes an upper portion 
1 355, an intermediate portion 1 360, and a lower portion 1 365. In a prefened embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 V4 inches) and 8.89 to 40.64 cms (3 14 to 
16 inches), respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cms (3 to 19 inches), 
respectively. In a preferred embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8,89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particularly preferred embodiment, the wall thickness of the 

intenmediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally pemnit the placement of the apparatus in areas of the weObore ha>ing 

10 tight clearances. 

The tubular meml>er 1310 preferably comprises a solid member. In a 
prefen^ed embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extmsion of tubular meml>er 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 nnaterials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
20 preferablyincludes fluid passages 1330and 1335. The shoe 1315 may comprise any 
numt>er of conventional commercially available shoes such as, for example, Super 
Seal II float shoe, Super Seal II Down*Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accord2mce with the teachings of the 
present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
25 aluminum down-jet guide shoe with a sealing sleeve fora latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disctosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicly isolate the interior of the tubular 
member 1310, and optimal^ permit the complete drill out of the shoe 1315 upon 
30 the completion of the extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet potts in fluidic communication with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
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outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
shoe 1315 includes the fluid passage 1 330 liaving an inlet geometry that can receive 
a fluidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 

the Interiorregionofthe tubular member ISlObelowthe expandable mandrel 1305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1 345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the e;q?andable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centeiline of the 
apparatus 1 300. The fluid passage 1 320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally provide sufficient operating pressures to 
1 5 circulate fluids at operationally eflicient rates. 

The fluid passage 1 330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1 31 0 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 In fluidic communication 
with the interior region 1370 of the tubular member 1310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
pennits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This pennits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferabfypositioned substantially 
along the centerUne of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1356.2355 Utres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally fill the annular region between the tubular member 
1310 and the new section 1230 of the wellbore 1200 with fluidic materials. In a 
preferred embodiment, the fluid passage 1330 
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includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging from 

1 0 about 0 to 11356.2355 Utres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally All the annular region between the tubular member 1310 
and the new section 1 230 of the weUbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1 355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

1 5 surface of the upper end portion 1 355 of the tubular member 1310* The seals 1 340 
permit the overiapping joint l)etween the lower end portion of the casing 1215 and 
the upper portion 1355ofthetubularmember ISlOtobefluidiclysealed. Theseals 
1 340 may comprise arqr number of conventional conunercially available seals such 
as, for example, lead, mbber, Teflon™, or epoxy seals modifled In accordance with 

20 the teachings of the present disclosure. In a preferred emlxKliment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Sendees in Dallas, TX in order to optimally provide a hydraulic seal in the armulus 
of the overlapping joint while also creating optimal load t>earing capability to 
withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 

a sufficient fnctional force to support the expanded tubular member 1310 from the 
existing casii^ 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1 ,000 to 1,000,000 Ibf) 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1315, and seals 1 340. The support member 1 345 preferably comprises 
an annular member having sufficient strength to cany the apparatus 1300 into the new 
section 1230 of the wellbore 1200. In a preferred 
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embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300, In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flovs^ passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three*wiper 
latch-down plug modifled in accordance with the teachings of the present 

15 disclosure. Inapreferredembodiment, the v\aper plug 1350 comprises a Multiple 
Stage Cementer latch-dovm plug available from Halliburton Energy Services in 
Dallas, TX modifled in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1300 and to ensure that no foreign material interferes with the extnision 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1380 then exits the apparatus 1 300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1310 and the Interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the material 1380 caiues the material IsSe'to fill up at least a portion 
of the annular region 1 390. 

The material 1380 may be pumped into the annular region 1 390 at pressures 
and now rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1,500 gallons/min), respectively. In a 
preferred embodiment, the material 1380 is pumped into the annular region 1390 
at pressures and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) 
and 0 to 5678.1 1 77 litres/minute (0 to 1,500 gallons/min). respectwely, in order to 
optimally fiU tiie annular region between ttie tubular member 1310 and the new 
10 section 1230ofthewellbore 1200 with ttiehardenablefluidic sealing material 1380. 
The hardenable Huidlc sealing material 1380 may comprise any number of 
com^ntlonal commercially available hardenable fluldic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefen^d embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
1 5 specifically for the weU section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for tiie tubular member 1310 during 
displacement of ttie material 1380 in the annular region 1390. The optimum blend 
of ttie cement is preferably detemiined using conventional empirical mettiods. 
Theannularregion 1 390 prefeiablyis filled vwtii ttie material 1380insuflicient 
20 quantities to ensure tfiat, upon radial expansion of ttie tubular member 1310, ttie 
annularregion 1390 of ttie new section 1230 of ttie wellbore 1 200 wiU be filled witti 
material 1380. 

As illustrated In Fig. I Id, once tfie annular region 1390 has been adequately 
fined witti material 1380, a wiper dart 1395, or ottier similar device, is introduced 
25 into ttie fluid passage 1320. The wiper dart 1395 is preferably pumped tfiroughUie 
fluid passage 1320 by anon hardenable fluidic material 1381. TTie wiper dart 1395 
ttien preferably engages the wiper plug 1 350. 

As Illustrated In Fig. 1 le, in a preferred embodiment, engagement of ttie 
wiper dart 1395 witti ttie wiper plug 1 350 causes ttie wiper plug 1350 to decouple 
30 from ttie mandrel 1305. TTie wiper dart 1395 and wiper plug 1350 ttien preferably 
wHl lodge in ttie fluid passage 1330, Uiereby blocking fluid flow ttirough ttie fluid 
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passage 1330, and fluidicly isolatiiii^ the interior* region *I370 of the tubular 
member 1310 from the amiular region 1390. In a preferred ^bodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1396 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 

conventional commercially available devices from phiggingafluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down phigs 
or three wiper latch-down phxg/dart modified in accordance with the teachings of 
15 thepresentdisdosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latchniown plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
■~ from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1f77 litfes/minute (0 to 
1500 gallons/min) in order to optimally extrude the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 13 1 0 is minimized. 

hi a preferred embodiment, after blocking the fluid passage 1330. the non haidenable 
flmdic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
11356.2355 KtresAninute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the aq,ansion process at rates sufficient to pemut adjustments to be made 
30 ™operatmg parameters during the extmsion process. 
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For typical tubular memb^i^ 1310. the extrusion of {he tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 
9,000 psi). In a prefenred embodiment, the extmsion of the tubular member 1310 
5 off of the expandable mandrel 1 305 is a function of the tubular member diameter, 
wall thickness of the tubular member, geometry of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, and the yield strength 
of the tubular member. TTie optimum flow rate and operatii^ pressures are 
preferably detemnined using conventional empirical methods. 
10 During the extrusion process, ttie expandable mandrel 1305 may be raised out of 

the expanded portion of the tubular member 1 3 10 at rates ranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec). In a prefened embodiment, during the extrusion process, the 
e]q>andable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1 3 1 0 at rates ranging ftx>m about 0 to 0.6096in/s ( 0 to 2 ft/sec) In order to optimally 
1 5 providean efficient process, optima]lypermitq;>erator adjustment of operation parameters, 
and ensure optimal completion of the extrusion process before curing of ttie material 1380. 

When the upper end portion 1355 of the tubularmember 1310 is extruded off of the 
expandable mandrel 1305, the outer surface of the upper end portion 1355 of the tubular 
member 1310 wifl preferably ccmtact the interior surface of the lower end portion of the 
20 casing 1215 to fonn an fluid tight overiapping joint The contact pressure of the overiai^ing 
joint may range, for example, from ^proximately 3.447379 to 1.278.9514 bar (50 to 20,000 
psi). In a prefened embodiment, the cmtact pressure of ttie overii4>ping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally provide 
contact pressure sufHcient to ensure annular sealing and provide enough resistance to 
25 withstand typical tensHe and compressive loads. In a particulariy prefened embodiment, 
the sealing members 1340 will ensure an adequate fluidic and gaseous seal in the 
overiapping ]oml 

In a prefened embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controllably ramped down when the expandable 

30 mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the hibular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 1 00% 
to about 10%duringtheendof the extrusion process beginning when the mandrel 1305 has 

35 completed approximately aU but about 1.524m (5 feet) of the extmsion process. 



Altemativery, or In combination, a shock absortier is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1355of the tubular member 13 10 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extmsion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1 200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

10 overlapping joint between the upper portion 1355 of the tubularmember ISlOand 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1 355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1 380 within the expanded tubular meml)er 1 31 0 is 

15 then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. 1 1 f, preferably any remaining cured material 1 380 within 
the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

20 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 maythenbe removed by drilling out the shoe 1315using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

25 formation has been descnl>ed that includes installing a tubular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extmding the liner off of the mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of tiie tubular liner; 

30 and a non hardenable fluidic material into an interior region of the tubular liner 



below the mandrel The method preferably indludes'fluiaicly isolating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecting the hardenable 
fluidic sealing material is preferably provided at operatir^ pressures and now rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1177 litres/minute 
(0 to 1,500 gallons/min). The Injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 to 
3,000 gallons/min). The injecting of the non hardenable fluidic material is 
10 preferably provided at reduced operating pressures and flow rates during an end 
portion of the extmding. The non hardenable fluidic material is preferably injected 
below the mandrel. The method preferably Includes pressurizing a region of the 
tubular liner below the mandrel. The region of the tubular liner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 
15 (500 to 9,000 psi). The method preferably includes fluidicly isolating an interior 
region of the tubular liner from an exterior region of the tubular liner. The method 
further preferably includes curing the hardenable sealing material, and removing 
at least a portion of the cured sealing material located within the tubular liner. The 
method further preferably includes overiapping the tubular liner with an existing 
20 wellbore casing. The method further preferably includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 
preferably includes supporting the extmded tubular liner using the overiap vAih the 
existing wellbore casirig. The method further preferably includes testing the 
integrity of the seed in the overic^ l>etween the tubular liner and the existing 
25 wellbore casing. The method further preferably includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. The 
method ftjrther preferably includes lubricating the surface of the mandrel. The 
method further preferably includes absorbing shock. The method further preferably 
includes catching the mandrel upon the completion of the extmding. 

30 
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( An apparatus for creating a'cidsiilg in a borehole located in a subterranean 

formation has been described that incWes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adspted to prevent foreign material from entering an interior region of the tubular 
member. The miandrel is preferabfy e3q>andable. The tubular member is 
preferably fabricated.from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing^casing, and plastic casing. The 

15 tubular member preferably has mner and outer diameters ranging from about 7.62 to 3937 cms (3 to 15.5 
incbes) and 8.89 to 4(h<$4 cms (3.5 to 1 6 inches), respectively. The tubular inember preferably has a plastic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The mbular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubiilar member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 

- tubular member is preferably provided at operating pressures ranging from about 
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( 34.473 to 620.52813 bar (500 to 9,000 psi). Tirpxthsadnx^ of tllc portidn of Ihe interior region of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the fix^t and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creatinga new section of wellbore casing in a subterranean 
10 formation adjacent to an Gdready existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressture relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body ofa cured fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore^ and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an annular 
region external of the tubular liner. During the pressurizing^ the interior portion 
of the tubular liner is preferably fluidicly isolated firom an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures nnging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The tubular liner preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably farther 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubidar liner, and radially 



( expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the flmdic material is selected from the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of flmdic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
" litres/minute (40 to 3,000 gallons/min). In a piefeired embodiment, &c injecting of the body of fluidic 
materia] is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mm In 
a preferred embodiment, a region of the tubular liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

masdid is pressurized to pressiires ranging fiom about 34.473 to 620.52813 bar (500 to 9.000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method fUrther includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes e^>anding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubiilar liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
3 0 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
. pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the inferior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
poition of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.528 1 3 bar (500 to 9,000 psi). In a prefened embodiment, the annular body of 

5 a cured fluidic sealing material is formed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a preferred emt>odiment, the tubular liner 
overlaps with another existing wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overiap between the tubular liner 

1 0 and the other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlay) with the other exisUr^ wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular memt>er, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

1 5 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the meindrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 

20 portion. The interior portion of the shoe is drillable. Preferably, the interior portion 
of the mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load bearing member. 
Preferably, the load bearing member comprises a drillable body. Preferably, the 
exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illustrath^ embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
invention may be employed without a correspondir^ use of the otiier features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A tubular liner, comprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter; 

an intermediate tapered tubular portion for 
coupling the first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages. 

20 2. The liner of claim 1, wherein the tubular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel . 

25 

3. The liner of claim 1, wherein the tubular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3.5 to 19 inches) and 0.3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thickness 
and outside diameter of the second tubular portion 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

6. The liner of claim 1, wherein the wall thicJcness 
and outside diameter of the tapered tubular portion 
ranges from 0.3175 to 3,175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thickness 
and outside diameter of the first tubular portion 
ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8,89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

9. The liner of claim 1, wherein the second t\ibular 
portion includes one or more radial passages. 

10. A tubular liner, conprising: 

a first tubular portion having a first inside 
diameter; 

a second tubular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 

wherein the first and third inside diameters are 
both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
tubular members define one or more pressure relief 
passages. 
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11. The liner of claim 10, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; 

wherein the third tubular portion has a third wall 
thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 




10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages . 

13. The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots. 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

25 

16. The liner of claim 10, wherein an end of the first 
tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
30 tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 
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